IntroDuctIon
Across species, the ability to distinguish familiar from novel conspecifics (social recognition, SR) is imperative for display of appropriate social behaviors 1 . In rodents, information about individuals is primarily passed through volatile and pheromonal cues 2, 3 , which are individually distinct after postnatal days 21-28 (ref. 4) . Processing of these olfactory cues occurs primarily in the main and accessory olfactory systems, with projections to the lateral entorhinal cortex 5 . Long-term storage of these cues (1 week or longer 6 ) allows the rodent to form a 'social memory' wherein a memory of a recently encountered individual is retained for some duration of time 1 . This allows the animal to display the appropriate behavior(s) upon encountering the individual in the future.
Social memory is commonly examined in rodents through various SR tasks that utilize the innate preference of adult rodents to spend more time with novel over familiar conspecifics, usually of the opposite sex. The roles of the neuropeptides oxytocin (Oxt) and vasopressin (Avp) in social memory, one of our research interests, have been investigated using three paradigms: two-trial SR, habituation-dishabituation and social discrimination. In the two-trial SR paradigm, a subject animal is exposed to a stimulus animal and after a predetermined period of time, such as 30 min, is either reexposed to the same stimulus animal or to a novel stimulus animal. Typically, the subject spends a greater amount of time investigating the novel animal [7] [8] [9] [10] . In the habituation-dishabituation task, a subject is exposed to the same stimulus animal over repeated trials, and shows a decrease in investigation, or habituation. On the final trial, a novel animal is presented, which normally results in an increase in investigation time, or dishabituation 8, [10] [11] [12] [13] [14] [15] . The third paradigm of social discrimination is similar to two-trial SR, except that on the re-exposure trial both the same and novel stimulus animals are presented simultaneously, allowing the subject animal to choose between the two 9, 14, 16 . Three problems are common across the three test paradigms. First, in both mice 8, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] and rats 9, [20] [21] [22] [23] [24] , testing occurs in an individually housed subject's home cage, with the stimulus animals acting as 'intruders' in the cage. For those studies that use individually housed male subjects, the stimulus animals are typically either juvenile males 6, [20] [21] [22] [23] (to decrease risk of aggressive attacks 25 ) or ovariectomized females 8, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] (to decrease sexual interest in the female). The use of individually housed subject males, the most commonly used approach, is not optimum. A lack of cage mates for the singly housed subject contributes to an aggressive response to the intruder male [26] [27] [28] and increases attempts to mount when presented with a stimulus female 29 . For the latter situation, it is necessary to extinguish sex behavior over a period of days 11, 15 so that the male will engage in investigatory behavior, not just sexual behavior. Social isolation also significantly increases stress-like responses (e.g., heart rate and blood pressure) in response to common procedures (e.g., cage changing, restraint, injection) in rats 30 . The use of grouphoused subject males (isolated only for the duration of the test) has been reported to maintain heightened SR responses 6 . Second, in all studies discussed above, stimulus animals (male and female) were group-housed littermates. Discriminations can be made between siblings in hamsters 31 and rats 32 , and between Oxt and estrogen knockout (KO) and wild-type (WT) littermates in mice 33 . However, hamsters have a difficult time distinguishing between flank gland odors of unrelated sibling littermates 31 . In addition, a major component of individual scent information is mouse urinary protein (MUP) 34 , which has recently been shown to be necessary for recognition of individuals 3, [35] [36] [37] . With grouphousing conditions, individual MUPs may be transferred between animals. The use of group-housed stimulus males or females may make distinguishing between and recognition of individual's odors more difficult.
Third, allowing the subject and stimulus animals to interact freely in the test cage permits the subject animal to deposit its own scent onto the stimulus animals 38 . Therefore, a decrease in investigation of the 'familiar' female could simply be due to the subject's recognition of its own familiar scent, and not the scent of the female. Presenting the stimulus mice inside of a corral reduces direct contact between the subject and stimulus animals and their excretions, while still allowing reception of visual and olfactory cues and eliciting high interest and investigation by the subject 13, 39 .
In this protocol, we advocate the use of the same two corrals social recognition (sr) enables rodents to distinguish between familiar and novel conspecifics, largely through individual odor cues. sr tasks utilize the tendency for a male to sniff and interact with a novel individual more than a familiar individual. Many paradigms have been used to study the roles of the neuropeptides oxytocin and vasopressin in sr. However, inconsistencies in results have arisen within similar mouse strains, and across different paradigms and laboratories, making reliable testing of sr difficult. the current protocol details a novel approach that is replicable across investigators and in different strains of mice. We created a protocol that uses gonadally intact, singly housed females presented within corrals to group-housed males. Housing females singly before testing is particularly important for reliable discrimination. this methodology will be useful for studying short-term social memory in rodents, and may also be applicable for longer term studies. throughout testing (see PROCEDURE, Step 6) . With habituation to the corrals (see PROCEDURE, Steps 4-5), the subject male will cease to be interested in them as novel objects and will investigate the female contained within instead. By using the same corrals during Trial 1 and Trial 2, the need to rehabituate the subjects to the corrals is eliminated. In addition, presenting the stimulus females within a corral prevents the need to extinguish sex behavior before the test, as well as allows the use of gonadally intact females, which elicit higher interest from males than ovariectomized females when contact is prevented 40 . The use of gonadally intact females presents the investigator with a possible confound of estrous state influencing male investigation. However, the day of estrous cycle has previously been shown to not greatly affect investigation by males 40 . Sexually naive males (as we recommend subject males to be) indicate no preference for receptive females' , over nonreceptive females' , odors 41 . Females in all states of estrus elicit higher investigation from males than do ovariectomized females 42 . Furthermore, subjects from all groups tested would be exposed to the various estrous states, thereby eliminating possible group × estrous condition interactions. Recently, we have published data using gonadally intact females as stimulus animals and, in testing subjects from all groups over a 4-to 5-day period, found no influence of estrous cycle on male investigation 43 . SR is regulated by Oxt and Avp 44 , which are synthesized in the magnocellular cells of the supraoptic and paraventricular nuclei of the hypothalamus, as well as in various parvocellular neurons (e.g., bed nucleus of the stria terminalis, paraventricular nucleus of the hypothalamus and medial amygdala) 1, [44] [45] [46] . However, not all studies agree on how important the relative contributions of both peptides and their receptors are to SR. Although studies using transgenic mice indicate that SR is dependent upon Oxt 10, 11, 13 and the Oxt receptor 15, 17 , pharmacological studies in rats indicate that at high doses, Oxt inhibits SR 20, 47 . Furthermore, although lack of the Avp receptor subtype 1b (Avpr1b) has consistently been found to impair social memory in male 12 and female 45 mice, conflicting findings have been reported for Avpr1a KO mice 14, 16, 48 . Additionally, within our partial forebrain-specific Oxtr KO line (Oxtr FB/FB ), different SR tasks (twotrial and habituation/dishabituation) have given different results 15 , indicating that the tasks may not test the same aspects of SR.
With these problems in mind, we developed a social discrimination task that addresses the above concerns 43 while still retaining the advantages of the existing SR paradigms (i.e., a simple measure of individual recognition that does not require task learning, and can be repeated with presentation of novel stimulus animals 49 ). A reliable test of SR would be consistent across experimenters and labs when tested with the same strain/line of mice, and provide consistent results among all control animals. Through rigorous testing of variables of interest (housing conditions of subject and stimulus animals, number of corrals used in each trial and type of stimulus animals used), we developed such a task, and validated its use for testing SR in Oxt and Oxtr KO mice 43 . Specifically, we used the task to further investigate the role of Oxt and Oxtr in SR, as well as showed that WT mice from three different lines (total Oxt KO, total Oxtr KO and Oxtr FB/FB ) have highly consistent social discrimination abilities across testing, spending ~65 to 75% of the test time investigating novel females 43 . These data, as well as a detailed description of methodologies and possible issues with testing, are contained within this protocol.
MaterIals

REAGENTS
Laboratory mice (e.g., C57Bl/6J, Balb/C, Swiss Webster). Most strains of mice (such as those found in the Mouse Phenome Project), as well as transgenic or KO mouse lines (such as those in the Induced Mutant Resource) 50 should be suitable, although investigators should remember that difference in anxiety-like behaviors 51, 52 and/or sociability 53, 54 between strains could affect the results ! cautIon Experiments must follow all national and institutional guidelines for care and use of laboratory animals.
EQUIPMENT
Standard mouse cage with bedding Wire corrals Light meter Stop watch for timing sessions Video camera and DVDs or tapes 70% ethanol to clean the corrals Paper and pen to label cages Scale to weigh animals EQUIPMENT SETUP Standard mouse cage with bedding Testing takes place in a novel, clean, standard rectangular mouse cage (27 cm length × 17 cm width × 12 cm high).
Only a thin covering of bedding (hard woodchip; Quality Lab Products) should be on the floor of the cage (≤1/8 inch). This will prevent introduction of competing behaviors (e.g., excessive digging), as well as prevent stimulus females from escaping the corrals. The cage should be well-cleaned, and covered with a well-cleaned, well-fitting lid to prevent the animal from jumping out of the cage. Wire corrals Corrals can be obtained from Kitchen-Plus (item #31570) and are 4.25′′ high × 4′′ diameter. The space between the wire bars is ~6mm; large enough for the subject animal to push his nose between (see PROCEDURE,
Step 6), allowing the subjects to obtain visual and olfactory information from
the stimulus females 13, 39 . The corrals take up a large portion of the cage when two are present but do not seem to prevent free movement of the subject animal around the cage (see Supplementary Video).  crItIcal step Corrals can only be used once per day to prevent transmission of odor; two wire corrals will be required for each subject animal tested (see PROCEDURE, Step 5) . Therefore, a minimum of 10 corrals is recommended, so at least five animals can be tested in 1 d. Light meter As a brightly lit environment can be anxiety-provoking 55 , we recommend decreasing the light in the testing room to approximately 30-40 lux at the cages. To ensure accurate luminosity, we use a light meter (Fisher Scientific, cat no. 02-401-4). Video equipment In addition to live scoring, we recommend that both Trials 1 and 2 (see PROCEDURE) be videotaped. This will allow a permanent archive of testing, as well as later analysis of other possible behaviors of interest (e.g., time spent grooming or rearing) and reliability assessments between observers (see PROCEDURE, Step 9). Cameras should be placed on a tripod and angled so that the entirety of the long side of the cage is in view, the subject animal can be seen in all corners of the cage and the animal ID tag on the lid (see PROCEDURE, Step 4) can be seen (see Supplementary Video 1). Computer program for automated scoring If videotapes are used, a suitable computer program is needed to allow for scoring investigation times by the subject animals of the stimulus animals. One that we regularly use with good results is the Observer VideoPro 5.0 (Noldus) 56 . The program allows the assignment of any key on the keyboard to represent a behavior. For example, 'investigation time' of the familiar stimulus animal can be assigned to the letter 'f,' 'investigation time' of the novel stimulus animal can be assigned to the letter 'n' and time spent grooming can be assigned to the letter 'g,' etc. Laboratory or Harlan), allow them to acclimate to the colony undisturbed for 1-2 weeks before testing. Mice should be at least 8 weeks old before testing. ! cautIon Do not use subject animals older than 6 months of age for baseline studies, as age-dependent decrements in social memory have been observed 57 . ! cautIon Use gonadally intact females between 3 and 5 months old as stimulus females, as the highest likelihood of regular estrous cycling occurs at this age 58 .
2|
One week before testing, singly house stimulus females. Keep subject males group-housed (3-5 per cage) until day of testing (see Step 4) .
3|
Transport animals on day of testing from the animal room to the testing room 1 h before testing. Lower the lights in the testing room to ~40 lux as measured on the light meter (see EQUIPMENT SETUP).  crItIcal step Experimenter(s) should be blind to treatment and/or genotype throughout the experiment.
4|
Place each animal into a well-cleaned standard mouse cage (see EQUIPMENT SETUP). If the cage has any internal features (such as an air vent on the rear), face all cages in the same direction. Mark the lid of each cage with the animal's identification number.  crItIcal step Allow the animal to remain undisturbed, alone, in the new cage for 30 min.
5| After 30 min, place two clean corrals (see EQUIPMENT SETUP) into the cage; one on the left and one on the right (see Fig. 1a ). Allow sufficient space for the animal to move completely around each corral.  crItIcal step Allow the animal to explore both corrals for 30 min. ! cautIon Place the two corrals in line with one another, using any features of the cage (such as interior vents) to preserve spatial arrangement of the corrals. This will prevent asymmetry in investigation due to spatial novelty.
social discrimination test 6| Social discrimination consists of two trials. To perform an investigation of female 1, follow option A. To perform an investigation of two females, one familiar and one novel, perform option A followed by option B.
(a) trial 1: investigation of female 1 ('same') • tIMInG 5-10 min (i) Remove the lid from the test cage and take out one corral; set the empty corral aside. Turn on the video recording equipment. Place a stimulus female in the remaining corral, and return the corral containing the female to the cage (see Fig. 1b) . Replace the lid. ! cautIon Transfer as little bedding and/or nesting material as possible from the female's home cage. ! cautIon Remember to remove the second empty corral, as we have found that when the empty corral remains within the cage during Trial 1, investigation of the female decreases, which could impact memory for the female's odor (see ANTICIPATED RESULTS). (ii) Observe investigation of the stimulus female by the male for the predetermined observation time (e.g., 5 min). During observations, remain still and sit approximately 18-24 inches from the cage. Whether scoring live or through prerecorded video, it is imperative that only actual investigation of the female is scored. As the male cannot physically reach the female through the corral to a great extent, we have defined 'investigation' as any time in which the male inserts his nose and/or forepaw through the bars of the corral (similar to ref. 13 ; see supplementary Video 1). Start the timer whenever the male does the following: (i) makes direct contact with the female with either the nose or the forepaw, inserted through the bars of the corral; (ii) continues sniffing and/or reaching toward any area within the corral after the female has moved away; or (iii) sniffs any portion of the female that is outside the corral (e.g., her tail). Stop the timer when the male ceases investigation by removing his nose and/or forepaw from the corral or female. ! cautIon Only attempts by the male to reach the female are counted as investigation. Do not score the following as investigation: (i) sniffing and/or gnawing the external bars of the corral; (ii) sniffing any fecal matter from himself or the female; (iii) rearing up on hind paws and sniffing the empty top portion of the corral; (iv) climbing on top of the corral; (v) running around the outside of the corral without pausing to investigate; and (vi) attempts by the female to reach the male.  crItIcal step Use two separate timers (one for a 'familiar' female and one for a 'novel' female) on Trial 2.
! cautIon Be consistent in what is recorded as investigation time. (iii)
After the observation time has ended, turn off the video recording equipment, take off the lid and remove female 1 from the corral. Place the female back in her home cage.  crItIcal step Place both corrals back into the male's cage, noting which corral contained the female. (B) trial 2: investigation of female 1 ('familiar') and female 2 ('novel') • tIMInG 35-40 min (i) To test for social discrimination after the predetermined intertrial delay (e.g., 30 min; see TROUBLESHOOTING), place female 1 ('familiar' female) in the same corral as during Trial 1; place female 2 ('novel' female) in the second, previously empty corral (see Fig. 1c and supplementary Video).  crItIcal step Place the 'familiar' female in the same corral as during Trial 1 to avoid mixing female odors during Trial 2. However, we recommend random placement of the 'familiar' female and corral (left or right side of cage) across all subjects, to ensure that investigation is not driven by a place preference (although we have not observed that confound in direct testing).
? trouBlesHootInG (ii) Turn on the video recording equipment and carry out the observation as described in Step 6A(i-iii). For this trial, two stop watches will be used for live scoring: one for the 'familiar' female and one for the 'novel' female.
post-testing cleanup 7|
After all subjects have been tested, remove the corrals from the testing cages.  crItIcal step Before next use, thoroughly wash corrals in hot water and spray with 70% ethanol to remove each individual female's odor from the corrals.
8|
If bodyweight could impact the study, weigh the males, and then return them to their group-housed home cage. ! cautIon We have noticed that upon return to their cage mates, the males engage in rough-and-tumble play that can become aggressive. Monitor the males' cages for a few minutes to determine the level of aggression. If fighting continues or an injury occurs, separate the males and/or remove and treat the injured animal. scoring 9| Assess scoring reliability. To do so, score a random sampling of both Trial 1 and Trial 2 from video. This should be done by a second observer also naive to group assignment. The reliability between observers can be assessed by a statistical software (such as SPSS, SPSS) with a Pearson's product-moment correlation coefficient (Pearson's r; see ANTICIPATED RESULTS).
10|
Using the video, assess any further behaviors of interest. As stated above (EQUIPMENT SETUP), videotaping both Trial 1 and Trial 2 allows for assessment of behaviors other than investigation of the female that could indirectly influence social discrimination (see TROUBLESHOOTING). These behaviors include, but are not limited to the following: latency to approach female 1, latency to approach female 2, time spent grooming, number of approaches to each female and time engaged in 'nonsocial' behaviors.
Data analysis 11|
If two groups are tested, use either the paired-sample Student's t-test (for normally distributed data) or the MannWhitney U-test (for nonparametric data) to compare time spent during Trial 2 with 'familiar' and 'novel' females. Data can be analyzed in one of three ways: (1) a direct comparison of time investigating the 'familiar' and 'novel' conspecfics 12 ; (2) as a difference score (investigation of 'novel' female-investigation of 'familiar' female) 20 ; or (3) as a relative duration of investigation ratio (investigation of 'novel' female/investigation of 'familiar' female) 11 . For more than two groups, use an ANOVA, followed by a post-hoc test. 
? trouBlesHootInG
The most likely problems are (i) lack of overall investigation of females and (ii) lack of discrimination between familiar and novel females by the control group. Advice/solutions on troubleshooting these problems can be found in table 1. 
antIcIpateD results
The social discrimination paradigm described above appears to be a reliable test of SR. Corralling the stimulus females does not interfere with investigation, as investigation times are high (Fig. 2a) , and generally similar to a social discrimination task in which direct investigation is permitted 19 . Furthermore, presenting the subject with two females simultaneously during Trial 2 does not result in a decrease in overall exploration from Trial 1 to Trial 2 (Fig. 2a) . Therefore, the use of corralled stimulus females (1) is possible without loss of investigation; (2) eliminates the need for extinguishing sex behavior; and (3) allows the use of nonovariectomized females. However, investigation of the single female during Trial 1 may decrease (although not significantly) when the empty corral remains within the test environment (Fig. 2b) , suggesting prudence in removing the empty corral during this stage of testing.
Our protocol addresses the possible negative effects of individual housing on male SR 6 , as we observe that overall investigation of corralled females may be higher (although not significantly so) using group-housed compared with singly housed males (Fig. 2c) . In addition, subject males are best able to discriminate between 'familiar' and 'novel' females when the stimulus females are singly housed (Fig. 2d) , likely due to reduced contamination of the individual's odor.
When two different investigators score the social discrimination task, Pearson's product-moment correlation coefficient (r) shows high correlations for amount of time with the 'same' female (r = 0.991; P < 0.01) and the 'novel' female (r = 0.992; P < 0.01). Therefore, with appropriate training and exposure to the task, scoring is consistent across investigators. In addition, we obtain highly consistent performance from WT animals within our laboratory. WT animals from three lines of mice (on either a C57Bl/6J (Oxt) or a mixed C57Bl/6J:120Sv (Oxtr, Oxtr FB/FB ) background) spend approximately 65-75% of the time investigating the novel female every time the task is administered (table 2) 43 . Furthermore, performance of all WT mice is highly consistent regardless of stimulus females' strain (C57Bl/6J, Balb/C and Swiss Webster), indicating the robustness of the task. Future testing using the novel arrangement of parameters of this SR task will show whether different laboratories are able to replicate results using the mice of the same line and/or with the same background.
We also showed the usefulness of this task for testing SR abilities in Oxt and Oxtr KO males 43 . KO males from all three lines tested are unable to discriminate between familiar and novel C57Bl/6J and Balb/C females (Fig. 3) , indicating similar performance when stimulus females from inbred strains (Fig. 3c) , whereas Oxt -/-and Oxtr -/-males are able (Fig. 3a,b) . These results indicate that the use of inbred or outbred stimulus females can affect SR abilities in Oxt and Oxtr KO males; hence, care should be taken with choice of stimulus females' strains. We recommend assessing SR abilities using both inbred and outbred stimulus females, to fully elucidate any SR deficits.
Indeed, if a KO mouse line and/or strain is being tested for social discrimination for the first time, conclusions about possible social memory deficits should not be made before alternative explanations have been assessed (see table 1 for suggestions). For example, the olfactory abilities of the line and/or strain should be known, as anosmia in the strain will significantly affect performance on the task. We recommend testing a new line and/or strain with at least an olfactory discrimination test 15, 59 before undergoing SR testing. In addition, while corralling the female does control for her behavior, a highly aggressive or nonsocial female could still influence the male's willingness to investigate her. Before determining that the line/strain of mice cannot discriminate, consider changing the strain of stimulus animal. We urge experimenters to fully evaluate all variables in this task before making any assessments on usefulness in a novel strain of mice, or in rats, as lack of discrimination could be due to external factors such as those listed in table 1 (e.g., investigation time, intertrial delay), or physical differences (e.g., olfactory ability), and not due to an inability to discriminate between familiar and novel conspecifics.
This task has not yet been applied to the Avpr KO lines. However, our Avpr1a and Avpr1b KO lines are also on a C57Bl/6J background; hence, we anticipate similar investigatory abilities of WT males from these lines as was seen in Oxt and Oxtr lines. We are currently undertaking studies to assess the usefulness of this task in further examining the role of the Avpr in SR abilities. Furthermore, although we believe this task should be useful in assessing female SR, this has not yet been validated. If using this task for female subjects, ensure to take stimulus animal strain, sex and presentation into consideration. 
